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Abstract 
This paper proposes the advancements of a general model developed by the authors in multi-year research in order to simulate 
the urban freight transport and logistics. The advancements mainly concern: the modeling framework and calibration. In fact, 
the previous studies mainly investigated the pull movements of retailers and end consumers, while now both push and pull
movements of goods are analyzed and modeled. The proposed analysis refers to choices made by ho.re.ca. (hotel, restaurant, 
catering) activity decision-making (manager, chief) and final business consumers. Although they are end consumers due to 
final freight destination or their freight consumption, they have a decisional choice process that can be assumed similar to 
retailer’s one. The new calibration advancements were made on the basis of surveys carried out in the inner zone of Rome 
where more than 500 truck-drivers were interviewed. Models were specified in order to test new model forms (e.g. nested 
logit) respect the currently consolidated and commonly used. 
© 2013 The Authors. Published by Elsevier Ltd.  
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1. Introduction 
There is worldwide interest in setting up a sustainable development strategy to identify and define measures to 
achieve a continuous long-term improvement in quality of life by improving the sustainability of urban 
environment. For this aim, models and methods to support the assessment of city logistics scenarios are needed.  
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The urban freight transport is of interest of several decision-makers that sometimes have conflicting objectives 
(Russo and Comi, 2011). Then, it becomes important to have tools that allow the explicit representation of 
interacting behavior of involved decision-makers. In fact, the assessment of impacts due to city logistics measure 
implementation should point out each decision-maker’s choice that could be influenced. 
Current literature mainly analyses the urban freight transport and logistics focusing on movements among 
firms and distribution centers/warehouses on a wide scale skipping the possibility of representing the interaction 
among all actors involved in urban freight transport and logistics (e.g. consumers, retailers, wholesalers, 
distributors). At the urban scale, the models should refer to the process of distribution of final products. With this 
aim, in the literature, we find models that have been developed within the multi-step modeling approach 
considering three categories of models based on commodity, delivery and truck/vehicle (Ogden, 1992; Ambrosini 
et al., 2008; Comi et al., 2012; de Jong et al., 2012). 
The literature analysis shows that many urban freight models are not integrated with the models that simulate 
other components of urban mobility and many of them are only theoretical: they are not used (or usable) for 
forecasting the impacts of implementing traffic and transportation measures at an urban scale. These models have 
been developed to simulate some aspects of the restocking process and do not start from the end consumer. 
Hence, it is difficult to consider the link between these urban models (developed mainly for logistic trips) and 
end-consumer models (which are those developed for passenger mobility) and to analyze the complexity of urban 
transport systems with all the components that make up urban mobility (Routhier and Toilier, 2007; Crainic et al., 
2009; Holguín-Veras and Wang, 2011; Taniguchi and Thompson, 2012). Ignoring these interactions may be 
appropriate when commodity flows take place on their own dedicated network, but it is obviously unrealistic in 
many urban situations. However, there are models proposing to integrate the previous types of models in a 
general framework, representing commodity flows as generated by the consumption of the commodity, as a 
component of the generic urban activity undertaken by end consumers (Oppenheim, 1994). Among these, Russo 
and Comi (2010) proposed a modeling framework providing to represent the interaction of behavior of 
commodity end consumers and commodity suppliers/shippers/retailers. In this general framework, the modeling 
systems classified in the previous three classes (i.e. commodity, delivery and truck/vehicle) could be considered 
to belong (e.g. Boerkamps et al., 2000; Gonzalez-Feliu et al., 2010; Munuzuri et al., 2012; Nuzzolo and Comi, 
2013). Finally, as proposed by Russo and Vitetta (2011), the urban freight demand level can be obtained 
implementing the current urban freight demand models in the reverse assignment procedures. 
We should also note that in the current literature the direct relation between measures and models is missing. 
But the general framework is suitable for modeling the impacts of city logistics measures and, thus, for their ex-
ante assessment. Following this approach, this paper proposes models (updating the general framework 
previously proposed by authors) that is useful for assessing the effects due to the implementation of the city 
logistics measures. In particular, the paper points out two segments of freight movements that are not always 
investigated in-depth in the literature: ho.re.ca. and final business consumer flows. Even if the ho.re.ca. activities 
are public shops and final business consumers are end consumers because both of them represent the final 
destinations for the use of goods, we need to assimilate the decision-makers to retailers. In fact, due to large 
quantity of freight daily moved, to the distribution channel used and the place of acquisition, their decisional 
process is similar to retailer’s ones. Besides, ho.re.ca. represents the majority of activities (especially in the 
touristic and CBD areas) in many worldwide city centers, and the freight flows destined to final business 
consumers, in some urban areas, averagely represent the 31% of total daily quantities moved in urban areas 
(Schoemaker et al., 2006; Comi et al., 2011). 
The literature generally analyses the end consumer behavior as belonging to two classes (Russo, 2013): pull-
type behavior (i.e. the end consumer arrives at the selling place, performs the transaction, purchases the 
commodity and transports the good to the consumption site), push-type behavior (the commodity is transported to 
consumption site by actors other than the user, the end consumer may or may not go to the selling place). Even if 
we could be pushed to consider ho.re.ca. and final business consumers belonging to push-type class, for the above 
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reasons, their restocking decisional process is closer to retailer than end consumer. Therefore, starting from these 
statements, we propose to consider them as retailer and to simulate the choice of the distribution channel and the 
acquisition place through multinomial and nested logit models. 
The paper is structured as follows. Section 2 describes the general framework for modeling urban goods 
movements and logistics; Section 3 presents the advancements in modeling framework and calibration. Finally, in 
Section 4 some conclusions including further developments are given. 
 
2. The general framework 
The general modeling system has been developed (Russo and Comi, 2010) on two levels and concerns a 
medium-size city, applying a disaggregated approach for each decisional level. It could be considered an open 
architecture; in fact, it is possible, in the considered architecture, to introduce specific models from current 
literature that allow to take into account the impacts due to the city logistics implementation on final consumer 
goods demand and restocking process of urban retail businesses: 
x commodity level (first level) concerning estimation of quantity Origin-Destination flows; at this level the 
models concern calculation of  
ż O-D flows related to consumption, this step allows us to analyze how city logistics measures could 
influence the end-consumer demand for different freight types in terms of generation journeys for 
purchases, zone where to purchase (destination) and purchased quantity (dimension of purchase); 
ż O-D freight flows related to restocking, this step allows us to investigate how city logistics measures 
could modify the restocking process of retail activities located within the urban and metropolitan area 
(study area) in terms of distribution channel (i.e. to pull or push movements) and area where to bring freight 
sold in retail activities (inside or outside study area); 
x vehicle level (second level) that allows quantity flows to be converted to vehicle flows; at this level the models 
concern determination of 
ż restocking trip-chain, this step allows us to investigate how city logistics measures could influence the 
definition of restocking trips in terms of quantity brought at each stops, zone and vehicle needed for 
restocking; 
ż time used as well as the path chosen for restocking sales outlets, it allows us to explore how city logistics 
measures can influence the target time and path. 
The above recalled modeling system, within the first level, allows us to calculate the goods quantity flows due 
to consumption and shop restocking. This modeling framework simulates urban goods movements combining 
urban passenger travel and commodity flows (because considers that commodity flows are generated in order to 
support a given need), and pointing out the interactions between consumers and other decision-makers involved 
(e.g., producers, carriers, retailers). In particular, Russo and Comi (2010) deepened the pull movements of the 
end consumer and retailer choices through a sequence of behavioral models. In this respect, in the following we 
will investigate the models developed to simulate the choices of ho.re.ca. activities and final business consumers. 
Although, they are end consumers because they represent the final destination of goods, in relation to their 
decisional process of restocking they can be assumed to be retailers because of the large quantities moved, the 
distribution channel used and the acquisition place. Then, their restocking is modeled in terms of pull and push 
movements. The attention will be on ho.re.ca. (hotel, restaurant and catering) activities to bring goods for 
satisfying their customers and on final business consumers to bring goods for satisfying their needs. We have 
found that some movements are freight-based, while others are strictly related to level-of-service attributes (e.g. 
travel time, restocking frequency). 
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2.1. Definition and notation 
Referring to definitions and notations proposed by Russo and Comi (2010), at urban scale we can define two 
types of movements: attraction and acquisition. Attraction regards the connection between purchasing zone d and 
consumption zone o. Acquisition regards the connection between restocking zone where warehouses or 
distribution centers are located and zone d. The freight sold/used in a shop (or in ho.re.ca. activities or at final 
business consumers) located in the zone d can be brought from warehouses located inside or outside the study 
area (e.g. urban or metropolitan area). Therefore, we define with W the set of internal zones from which goods 
sold/used in shops can be brought, while Z is the set of zones outside the study area where the complementary 
goods can be brought. 
The above recalled modeling system, within the quantity level, allows us to calculate the goods quantity flows 
due to consumption and shop restocking, and in the case here for ho.re.ca. and final business consumer 
restocking. In particular, the attraction macro-model gives the quantity of goods, disaggregated into different 
goods types s, required in each traffic zone d. Then, the acquisition macro-model informs us whether the freight 
for restocking arrives from inside (W) or outside (Z) the study area and which type of hyper-channel (i.e. means 
of an aggregation of distribution channels into two classes depending on who the decision-maker is) is chosen: 
x hyper-channel r (cr); it includes all distribution channels in which the decision-maker can be considered the 
retailer, the ho.re.ca. activity decision-making and the final business consumer who chooses how, where and 
when to go to bring the goods for restocking d (pull hyper-channel); 
x hyper-channel l (cl); it includes the other distribution channels, and within these other channels the decision-
maker cannot be considered the retailer, the ho.re.ca. activity decision-making and the final business 
consumer, as generally performed in literature for retailer; in this case the receiver suffers the choice of other 
subjects involved who choose how and from where the freight must be delivered and can give some 
addressings regarding the delivery time (push hyper-channel). 
In the following, the attraction of goods by ho.re.ca. activities and final business consumers will be 
investigated in terms of restocking zone and type of hyper-channel, modifying the simplest approach of 
considering them as end consumers (Russo, 2013). 
2.2. The acquisition flows 
Recalling the general modeling system proposed by Russo and Comi (2010), let c be the hyper-channel 
identified with a generic path from production/international trade to residence/consumption zone, and let Y be the 
set of inside or outside zones (Y = W or Z) with respect to the urban study area. The probability, > @p cY / ds , of 
choosing the hyper-channel c and the restocking area Y can be expressed as: 
> @ > @ > @p c Y / ds = p c / ds  p Y / cds  (1) 
where 
> @p c / ds  is the probability of choosing hyper-channel c for restocking activities located in zone d of freight 
type s; 
> @p Y / cds  is the probability of choosing the restocking area Y having chosen the hyper-channel c for 
restocking activities located in zone d of freight type s. 
As shown by surveys carried out in Italian (see section 3) and Spanish cities (Ibeas et al., 2012), the supply 
chain is changing and the choice of hyper-channel and macro-zone for restocking is also dependent from freight 
types and it cannot be always considered two-step choice. Besides, we tested sequential and joint choice models 
but, as expected, better model performances were obtained by the latter types. Then, the previous model becomes 
a joint model that calculates the probabilities to choose the hyper-channel and macro-zone for restocking (cY), 
> @p cY / ds . This probability can be estimated using model belongs to discrete choice theory and developed 
within random utility model. Therefore, each decision-maker is considered a rational decision-maker who 
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maximizes utility relative to her/his choices. Basing on the theory assumptions (Domencich and McFadden, 
1975; Ben-Akiva and Lerman, 1985), we can calculate > @p cY / ds  as follows: 
> @ > @'p c Y / ds = p U U  cY,cY'cY cY!   (2) 
where cYU  is the perceived utility that restocking is performed using the hyper-channel c and the restocking 
area Y. 
The involved decision-maker is who manage the restocking process, and according to previous hyper-channel 
definition, we can assume to be the ho.re.ca. owners or the final business consumers (in the hyper-channel cr), or 
the freight sender (in the hyper-channel cl). 
3. The model calibration 
The proposed joint choices (see eq. 2) have been studied using some surveys carried out in the city of Rome in 
2008. About 500 truck-drivers transporting in the inner area of the city were interviewed. This area is the historic 
and the most famous zone in the city, with the main touristic monuments (i.e. Colosseum) and many shopping 
streets reserved to pedestrians, and subjected to specific freight traffic regulations (Filippi et al., 2010; Comi et 
al., 2011). Traffic counts were also carried out. The driver questionnaire consisted of several sections able to 
capture the characteristics of interviewee and transport firm as well as the characteristics of transport (e.g. own 
account or third party, vehicle, delivery journey). This survey has also allowed to characterise the freight quantity 
moved within the study area. The study area is a trading area which is mainly interested by attraction freight 
flows. The analysis highlights freight movements in the study area for about 15,000 tonnes per day. 36% consist 
of food (about 16% is directed to restaurants and bars, and 14% to retailer) and the remaining 70% are made of 
other consumer products (e.g. household and health products). Totally, the study area was interested 14,499 
tons/day (commodity flows), 34,246 deliveries/day (delivery flows), and 15,773 trucks/day (vehicle flows). 
About 60% of the whole transport pertains to Light Goods Vehicles (less than 1.5 ton), which move an average 
load of about 0.76 tons per vehicle (load factor near 50%). Medium Goods Vehicles (between 1.5 and 3.5 tons) 
represent about 40% of the whole but their average transported quantity is about twice more (1.44 tons) than that 
of LGV. 
From these surveys, it was possible to investigate whether the pull or push hyper-channels happen according 
to types of receivers and freight types. Then, some deterministic behaviors were found as will be seen in the 
following sections. 
3.1. The dataset 
The truck-driver interviews allowed to characterize the freight flows in relation to type of restocking: 
x receiver on own account (pull hyper-channel), 
x sender on own account (push hyper-channel), 
x third party (pull or push hyper-channel). 
Table 1 reports the daily quantities moved within the study area. We can see that about 70% of transport was 
represented by receiver and sender on own account. 
 
Table 1 – Daily commodity flows  
Hyper-channel Daily commodity flows [t/day] Total shares Partial shares 
Hyper-channel cl (push) 7,328 51% 73% 
Hyper-channel cr (pull) 2,764  19% 27% 
Not defined (pull or push)  4,407  30%  
Total 14,499 100% 100% 
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In our analysis, the quantities destined to final business consumer result the 31%, while 33% is destined to 
ho.re.ca. activities. In fact, the study area is a mixed land-use area (CBD, residential, commercial, touristic) and 
the most famous zone in the city, with the high presence of service and ho.re.ca. activities. In relation to defined 
hyper-channels, Table 2 gives the revealed shares between cr and cl hyper-channels. 
In the following, the acquisition process of these two types of receivers will be investigated. In particular, the 
analysis was carried out in order to identify whether deterministic or no-deterministic behaviors exist in relation 
to freight type and acquisition macro-area. For non-deterministic behaviors different model forms were tested for 
cY choice: multinomial logit and nested logit. Nested models were intended for testing correlation among 
choices. Nested logit considered choices in the both possible structures. As will be seen in the following section, 
the most performing nested structure was: hyper-channel cr (inside or outside the study area) and hyper-channel 
cl (inside or outside the study area). 
 
Table 2 – Revealed hyper-channel distributions 
Receiver type cr (Pull) cl (Push) Total 
Ho.Re.Ca. 41% 59% 100% 
Business final consumer 26% 74% 100% 
Total 35% 65% 100% 
 
3.2. Ho.Re.Ca 
The hotel, restaurant and catering (ho.re.ca.) activities can be analyzed as a homogenous retail segment. The 
share of these types of activities localized within central urban areas is quite high. They present very different 
logistics according to the specific service offered to the end consumers. 
3.2.1. The deterministic behavior 
Table 3 shows the statistical summary of the ho.re.ca. daily movements. A majority of goods are push, but the 
most consistent quantities refer to beverage for which the type of hyper-channel cannot be univocally defined. 
In the Rome data, some acquisition strategies (hyper-channel and macro-area) are often chosen for one type of 
freight than the others, suggesting that we can identify some behaviors as deterministic. For example: 
x chemical products, flowers, hardware, household and hygiene products, and others generally follow the hyper-
channel cr, i.e. the acquisition is performed directly by receivers; it represents about the 20% of total freight 
moved by these types of receivers; about the 16% is brought inside the study area (W), while the remaining 
74% outside but within the municipality borders (Zinside); 
x electronics, fresh foodstuffs, home delivery and stationery products generally follow the hyper-channel cl, the 
acquisition is not performed directly by receivers; it also represents about the 20% of total freight; it is brought 
outside the study area; the 90% from within the municipality (Zinside), and the 10% from other external zones 
(Zoutside); 
x beverage, cloths, foodstuffs, home accessories, laundry made up significant percentages of all other freight 
types (60%); for them, it is not possible to define a priori an hyper-channel; they are distributed in relation to 
hyper-channels and macro-zone as reported in Table 4; the 65% is cl, while hyper-channel cr is only used from 
W. 
The goodness of the above approach is also confirmed by some intuitively correct findings. For example, 
home deliveries are push movements, while hardware ones, that for this segment of activities concern very 
specific accessories (e.g. pliers, screwdriver), are mainly pull.  
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Table 3 – Revealed hyper-channel distributions for freight types (restocking movements for ho.re.ca.) 
  cr (Pull) cl (Push) Total cr cl Total 
Beverage*** 297.999 997.499 1.295.498 23% 77% 100% 
Chemical products* 14.333 14.333 100% 0% 100% 
Cloths*** 41.910 13.411 55.321 76% 24% 100% 
Elettronics** 7.166 7.166 0% 100% 100% 
Flowers* 92.940 8.436 101.376 92% 8% 100% 
Non-fresh foodstuffs*** 325.752 232.886 558.638 58% 42% 100% 
Fresch foodstuffs** 40.964 493.898 534.862 8% 92% 100% 
Hardware* 232.288 232.288 100% 0% 100% 
Home accessories*** 29.337 138.068 167.405 18% 82% 100% 
Household and hygiene products* 24.784 24.784 100% 0% 100% 
Laundry*** 63.874 25.412 89.286 72% 28% 100% 
Stationery products** 169.708 169.708 0% 100% 100% 
Other* 313.050   313.050 100% 0% 100% 
Home deliveries** 1.923 1.923 0% 100% 100% 
Total 1.477.230 2.088.408 3.565.638 41% 59% 100% 
*generally pull hyper-channel; ** generally push hyper-channel; *** not defined. 
 
Table 4 – Hyper-channel and restocking area distributions: not pre-definable behavior (ho.re.ca. movements) 
  cr cl Total   cr cl Total 
W 100% 0% 100%   20% 0% 7% 
Z (inside municipality) 32% 68% 100%   60% 68% 65% 
Z (outside municipality) 25% 75% 100%   20% 32% 28% 
Total 35% 65% 100%   100% 100% 100% 
 
3.2.2. Probabilistic behavior 
This section presents the estimations results of the models for daily acquisition process in terms of hyper-
channel and macro-area. As seen in Table 4, we can identify only five alternatives due to two hyper-channels (cr 
and cl) and three macro-areas: study area (W), outside the study area but within the municipality (Zinside) and 
outside the municipality (Zoutside). In fact, the available data (Table 4) were not allowed to consider the alternative 
clW. Different sets of attributes were tested in relation to freight type, level-of-service attributes (e.g. travel time 
from origin and destination of trip), socio-economic variables (e.g. number of employees related to ho.re.ca.). 
Table 5 reports the final form of multinomial logit model and shows that many of estimated parameters are 
statistically significant as demonstrated by p-values. The values of goodness of fit Rho-square is 0.32 and the 
signs of all model parameters are correct. The analysis shows that the absolute value of parameter relative to 
travel time decreasing for cr and cl, and for inside or outside macro-zones, as provided by the propensity of 
transport on own account to bring freight in nearby warehouses. As regards the relative influence of travel time in 
the choice, as expected the absolute value of the travel time parameter relative to area W is higher than area Z. 
The results demonstrate that increasing the travel time and the introduction of more restrictive time windows 
could lead to an increasing of long acquisition trips. Increasing the restocking quantity per trip, the probability of 
choosing hyper-channel cl increases; at the other hand, this probability decreases by increasing the restocking 
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frequency. For what concerns freight types, the results confirm that beverage restocking and non-fresh products 
mainly use push hyper-channels, while cloths or similar products (e.g. provisions) are generally brought on own 
account. 
 
Table 5 – Multinomial logit model for ho.re.ca. acquisition (U2 = 0.32) 
Attribute Alternative* Reference unit Parameter  t-st value p-value 
Travel time 1 minutes -1.550 -1.56 0.12 
Travel time 2, 4 minutes -0.031 -4.15 0.00 
Travel time 3 minutes -0.014 -1.39 0.16 
Average number of ho.re.ca 
employees in zone d 
1  0.889 1.50 0.13 
Beverage 3 0/1 -1.438 -1.66 0.09 
Beverage 4 0/1 1.673 3.59 0.00 
Delivered quantity 4, 5 kg 0.002 1.34 0.18 
Restocking frequency 4,5 Monthly 
frequency 
-0.026 -2.19 0.02 
Foodstuffs 4, 5 0/1 1.531 2.60 0.00 
Cloths 4, 5 0/1 -1.386 -1.40 0.16 
* 1 = (cr W), 2=(cr Zinside), 3=(cr Zoutside), 4=(cl Zinside), 5=(cl Zoutside) 
 
Once multinomial logit model was calibrated, the nested structure was tested. The nested logit did not yield 
significant structural advantages over multinomial model. The Rho-square increased and reached the value of 
0.33, with equal forms of systematic utilities. Table 6 reports the calibrated parameter, including the form 
parameters. The best results were obtained considering the following nested structure: hyper-channel cr (W, 
Zinside, Zoutside), hyper-channel cl (Zinside, Zoutside). The obtained results follow the previous results. Furthermore, the 
choice tree was defined and the estimated structure parameters (T) highlight that a correlation exists among 
elementary alternatives.  
 
Table 6 – Nested logit model for ho.re.ca. acquisition (U2 = 0.33) 
Attribute Alternative* Reference unit Parameter  t-st value p-value 
Travel time 1 minutes -1.625 -1.36 0.17 
Travel time 2, 4 minutes -0.039 -3.66 0.00 
Travel time 3 minutes -0.018 -1.28 0.19 
Average number of ho.re.ca 
employees in zone d 
1  0.931 1.27 0.20 
Beverage 3 0/1 -1.884 -1.98 0.04 
Beverage 4 0/1 2.370 3.16 0.00 
Delivered quantity 4, 5 kg 0.006 0.81 0.24 
Restocking frequency 4,5 Monthly frequency -0.041 -1.30 0.19 
Foodstuffs 4, 5 0/1 3.606 1.11 0.20 
Cloths 4, 5 0/1 -3.811 -0.88 0.30 
Tcr   0.638 2.01 0.04 
Tcl   0.377 1.13 0.20 
* 1 = (cr W), 2=(cr Zinside), 3=(cr Zoutside), 4=(cl Zinside), 5=(cl Zoutside) 
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3.3. Final business consumer 
Although the final business consumer represent the final destination of goods and then s/he is physically an 
end consumer, in the following due to (a) the large quantity of freight daily moved, (b) to its restocking process 
in terms of hyper-channel used, (c) the place of acquisition where warehouse is, her/his behavior approaches 
retailer’s one. Therefore, it can be analyzed using the pattern and hence the models developed for retailer. 
 
3.3.1. The deterministic behavior 
As done for ho.re.ca, a similar analysis was performed for final business consumer movements. Table 7 shows 
the statistical summary of daily movements. A majority of goods are push, and for the 48% of quantity flows was 
possible to identify a deterministic behavior: 
x beverage, chemical products and flowers generally follow the hyper-channel cr; it represents about the 2% of 
total freight moved by these types of receivers; about the 69% is brought inside the study area (W), while the 
remaining 31% outside but within the municipality borders (Zinside); 
x stationery, home delivery, electronics, hardware, no-fresh foodstuffs and laundry generally follow the hyper-
channel cl; it also represents about the 46% of total freight; it is averagely brought both inside or outside the 
study area; the 44% from within the municipality (Zinside) and the 24% from other external zones (Zoutside); 
x remaining goods (i.e. building material, cloths, fresh foodstuffs, home accessories, music products) made up 
significant percentages of all other freight types (52%) and are totally distributed in relation to hyper-channels 
and macro-zone as reported in Table 8; the 58% is cl and majority comes from inside municipality (Zinside). 
 
 
Table 7 – Revealed hyper-channel distributions for freight types (restocking movements for final business 
consumer) 
  cr (Pull) cl (Push) Total cr cl Total 
Beverage* 35.937 3.374 39.311 91% 9% 100% 
Building materials*** 22.463 105.512 127.975 18% 82% 100% 
Chemical products* 896 896 100% 0% 100% 
Cloths*** 38.394 42.572 80.966 47% 53% 100% 
Electronics** 63.741 63.741 0% 100% 100% 
Flowers* 16.344 1.441 17.785 92% 8% 100% 
Non-Fresh foodstuffs** 3.353 91.556 94.909 4% 96% 100% 
Fresh foodstuffs*** 105.194 127.719 232.913 45% 55% 100% 
Hardware** 171.772 171.772 0% 100% 100% 
Home accessories*** 316.115 555.275 871.390 36% 64% 100% 
Home delivery** 4.688 4.688 0% 100% 100% 
Laundry** 21.622 21.622 0% 100% 100% 
Music products*** 173.155 69.506 242.661 71% 29% 100% 
Stationery products** 67.942 624.047 691.989 10% 90% 100% 
Other** 2.033 301.855 303.887 1% 99% 100% 
Total 781.826 2.184.678 2.966.504 26% 74% 100% 
*generally pull hyper-channel; **generally push hyper-channel; ***not defined. 
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A comparison between the two end-consumer types can be done according to the identified deterministic and 
non-deterministic behaviors. Some similarities according to freight types emerge. For examples, chemical 
products and flowers are generally restocked through pull hyper-channel, while electronics and stationary 
products are push. The foodstuffs present an opposite behavior. Ho.re.ca activities mainly follow push hyper-
channel for fresh foodstuffs and both pull and push for non-fresh foodstuffs, while the final business consumers 
are restocked through push hyper-channel and both of them for non-fresh. It confirms that final business 
consumers tend to buy well-known non-fresh foodstuffs products from large wholesalers that also manage the 
deliveries, while ho.re.ca. owners tend to buy fresh products, such as milk and other basic commodities, from 
producers or agents that after delivery to them. 
 
Table 8 – Hyper-channel and restocking area distributions: not pre-definable behavior (final business 
consumer movements) 
  cr cl Total   cr cl Total 
W 96% 4% 100%   19% 1% 9% 
Z (inside municipality) 35% 65% 100%   73% 97% 87% 
Z (outside municipality) 71% 29% 100%   8% 2% 5% 
Total 42% 58% 100%   100% 100% 100% 
 
 
3.3.2. Probabilistic behavior 
This section presents the estimations results of the models for daily acquisition process in terms of hyper-
channel and macro-area. As emerged from Table 8, six alternatives can be identified: two hyper-channels (cr and 
cl) and three macro-areas (W, Zinside and Zoutside). Different sets of attributes were tested in relation to freight type, 
level-of-service attributes (e.g. travel time from origin and destination of trip), socio-economic variables (e.g. 
number of employees related to specific freight types). The three previous model forms were tested. The 
following two tables report the calibrated multinomial (Table 9) and nested logit (Table 10) models.  
 
Table 9 – Multinomial logit model for final business consumer acquisition (U2 = 0.56) 
Attribute Alternative* Reference unit Parameter  t-st value p-value 
Travel time 1, 4 minutes -0.749 -3.64 0.00 
Travel time 2, 5 minutes -0.155 -2.79 0.00 
Travel time 3 minutes -0.064 -1.17 0.24 
Average number of no-
retail employees in zone d 
1  0.911 4.56 0.00 
Average number of no-
retail employees in zone d 
2  0.450 3.12 0.00 
Average number of no-
retail employees in zone d 
5, 6  0.696 4.28 0.00 
Delivered quantity 5 kg -0.001 -1.91 0.05 
Delivered quantity 6 kg -0.040 -2.27 0.02 
Restocking frequency 6 Monthly frequency -0.108 -2.11 0.03 
* 1 = (cr W), 2=(cr Zinside), 3=(cr Zoutside), 4 = (cl W), 5=(cl Zinside), 6=(cl Zoutside) 
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Table 10 – Nested logit model for final business consumer acquisition (U2 = 0.57) 
Attribute Alternative* Reference unit Parameter  t-st value p-value 
Travel time 1, 4 minutes -0.847 -3.41 0.00 
Travel time 2, 5 minutes -0.168 -2.24 0.02 
Travel time 3 minutes -0.081 -1.10 0.26 
Average number of no-retail 
employees in zone d 
1  1.056 3.81 0.00 
Average number of no-retail 
employees in zone d 
2  0.531 2.84 0.00 
Average number of no-retail 
employees in zone d 
5, 6  0.706 3.17 0.00 
Delivered quantity 5 kg -0.001 -1.51 0.13 
Delivered quantity 6 kg -0.041 -1.84 0.06 
Restocking frequency 6 Monthly frequency -0.116 -1.84 0.06 
Tcr   0.661 2.11 0.03 
Tcl   0.793 2.31 0.02 
* 1 = (cr W), 2=(cr Zinside), 3=(cr Zoutside), 4 = (cl W), 5=(cl Zinside), 6=(cl Zoutside) 
 
The T values demonstrate that no high correlations exist among the alternatives within the nests. The results 
also confirm that restocking from neighboring is preferred. The probability also depends on dimension of 
activities (i.e. high average number of employees). The negative values of restocking frequency for alternative 6 
confirm that final business consumer movements with high frequency are performed from nearby warehouse or 
store, while the sign of delivered quantity confirm that generally the final business consumers tend to transport on 
own account in order to reduce the transport service costs. Furthermore, in large metropolitan area like the 
investigated one, the restocking is mainly performed from nearby warehouses located in the city suburbs. 
 
4. Conclusions and further developments 
This paper proposed some advancements of a general model developed by the authors in multi-year research in 
order to simulate the urban freight transport and logistics. The main characteristic of this general model is the 
explicit representation of interacting behavior of involved decision-makers. Then, it becomes suitable for the 
assessment of impacts due to city logistics measure implementation because it points out each decision-maker’s 
choice that could be influenced. The presented advancements mainly concern: the modeling framework and 
calibration. In fact, the studies developed by authors referred, now not only to the pull movements as in all the 
previous literature, but mainly to push movements of goods and proposed an analysis of choices made by ho.re.ca 
activities and final business consumers. We found that the restocking ho.re.ca. activities and final business 
consumers have to be considered as retailer in spite of end consumers. In fact, although they are the final 
destination of goods, due to large quantity moved, hyper-channel used and acquisition place, they restock 
themselves according to behaviors very similar to retailers’ ones. Then, we proposed some models that allow to 
point out this phenomenon. This study also focused on the extension to consider the dependencies between the 
different choice levels. The calibrations were made on the basis of real test case (Rome). Models were specified 
in order to test new specifications (e.g. nested logit) respect the currently consolidated and commonly used. 
Although multinomial logit model continues to be the simplest model in terms of analytical tractability and, thus, 
it gives the possibility to be checked, specified, calibrated and implemented by researchers and technicians 
around the world, we tested that other new modeling forms should be considered for the joint choice of type of 
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restocking (hyper-channel) and acquisition macro-zone. In fact, the obtained results confirm that it is a joint 
choice and quite high correlation among alternatives exists (hyper-channel and restocking area). Then, the further 
development of this study will be mainly addressed to other calibrations considering different distributions of 
random residuals; in particular we are testing Mixed logit and Probit models. 
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